I. " Inferences and Suggestions in Cosmical and Geological Philo sophy/5 B y E .W . B r a y l e y , P.B .S. Beceived February 23, 1865 . (Abstract.)
This paper commences with the " Theory o f the Sun," embracing the subjects of the source of its energies, and the synthesis of ponderable matter. The position, powers, and functions of the Sun, as the physical centre of the solar system, are peculiar1 , and in fact unique. The " Pri mary Induction " from them, indicating, in the author's opinion, " the principle of philosophical investigation." which should be applied to the Sun, is conceived to be " That they imply a corresponding uniqueness and peculiarity in its constitution, characterizing also the nature as well as the disposition of the substances of which it essentially consists. But the particular density of the Sun indicates that it actually consists both of ponderable and imponderable matter. The nature of the former as con stituting apparently its relatively exterior regions [is] believed to be made known in part by Professor KirchhofF's researches in Prismatic Chemistry applied to the Sun, as showing that some of the elementary substances of the Earth exist also in the Sun" *.
The first obvious verification of this primary induction is presented by the " form of the Sun, which according to the observation of the equality of its diameters, is that of a perfect sphere, a form which is unique in the solar system, and is probably unknown in Terrestrial Nature" *.
The cardinal peculiarity of the Sun, that in which it is unique in the highest sense, is that its radiation exclusively possesses the property of imparting to (inorganic) matter a fit condition for the manifestation of (organic) life ; that it is, humanly speaking, infinite in amount, and also the source of all the heat and light, and consequently of all their derivative or correlate forces which are active in the solar system. The illustration of the temperature and expenditure of heat of the Sun founded by Sir John F. W. Herschel upon his own experiments and those of M. Pouillet, with Mr. Waterston's experimental result that the potential temperature of an infinitesimal area of the Sun's radiating surface is nearly thirteen millions of degrees of Fahrenheit's thermometer, are cited as being in fact nothing more than philosophical confessions that no proportion whatever can be established between any expression for the solar energies and the obvious reality of their incalculable amount.
The author proceeds to inquire what we may reasonably conceive to be the intimate nature of matter in its highest and most elementary character, such as that essential to the Sun is in this paper inferred to be, agreeably to the principle of philosophical investigation he has suggested as being alone applicable to the Sun, and according to known facts and recognized principles of science. The answer to this question is alforded, he conceives, by modern views of the constitution of gaseous substances as forms of ponderable matter, and of that of the luminiferous ether as an imponder able body. It is deduced from the former, combined with the investiga tions of philosophers during the last half century, including those of the late Dr. Thomas Young and M. Cauchy, and of M. Neumann and Profes sor Stokes, that the ether is characterized by enormous molecular activity, rendering it immensely rarer but at the same time more truly solid and elastic than any kind of ordinary or ponderable matter, all forms of which it pervades, even the most dense, coexisting with them in the same space. The author infers that the substances peculiar to the Sun transcend the ether in these qualities in even a greater degree than that excels ponder able matter with respect to them-that is, Succinctly, that pure solar mat ter is still more transcendently and intensely solid and elastic because its particles are in still more transcendent activity. This inference is con sidered to harmonize with the obvious peculiarity of the Sun, that in it alone, of all the bodies and localities of the solar system, enormous force of gravity and an immeasurable intensity of heat are united.
In the recorded facts of telescopic observation, the author finds an " entire absence of evidence or indication that anything exists in the sen sible universe which is of greater antiquity than the stars, or prior to them in its origin ;" which, " considered together with the primary induction from the uniqueness and peculiarity of their position and functions as suns," is regarded as tending strongly " to prove that, as a class, the stars are the most ancient objects in the Creation, and also (each in its own sphere of action) the origins of the series of physical agencies and pro cesses by which the planets and other classes of heavenly bodies were finally produced and are maintained" *.
This being admitted, it follows that the original production of ponder able matter takes place in the stars, and in our Sun as one of them,-a conception to which the author had been led by the preceding and other considerations long before the application of prismatic chemistry to the Sun.
The energy set free in the condensation within the Sun, of the highest imponderable matter essential to it into ponderable matter (an expression which is shown not to be a solecism), and eventually into the metallic vapours which the observations of Kirchhoff and other spectroscopists have discovered in the Sun and other stars, is inferred by the author to be, at once, the exclusive proximate source of the heat and light and other energies of the Sun, and (in our solar system) the only and universal origin of ponderable or ordinary matter, the absolute synthesis of which from its imponderable elements is thus believed to take place in the Sun.
It will follow that the distribution of heat in the Sun, as already in ferred by the author*', is from within to without, in the order of decreas ing intensity-an inference which he conceives to be not contradicted, but supported, by the apparently inferior calorific and luminous condition of the Sun's nucleus, as disclosed in the true nuclei or inner umbrae of the spots, compared to that of every other visible part of the Sun, and espe cially of the photosphere, because the exterior regions of the Sun are com posed entirely of that order of matter-ponderable matter, such as that of which the planets consist-which is alone capable of communicating to the ether of space those vibrations which we know as heat and light.
The " Cause and Nature o f the Phenomena termed the Solar Spots" are next considered. The energy arising from the transition of imponder able into ponderable matter, will in part become the centrifugal or projec tile force by which the torrents of matter (finally assuming the gaseous form) so produced are impelled through the denser envelopes of the Sun, causing the spots and the other phenomena of ebullition of which the pho tosphere is the scene.
The rotation of the Sun acting upon these torrents issuing radially from its interior regions-and probably from the surface of the solar globe dis closed in the true nuclei of the spots, or somewhat within that-by in flecting them towards the Sun's equator as they rise, occasions the actual distribution of the spots which are their outbursts on the surface of the photosphere, in lines and belts parallel to the equator, their restriction in latitude to within a certain distance of it, and their absence, together with that of the faculce, both in the equatorial and the polar regions of the Sun. It would seem that the originally uniform evolution of aeri form matter from the entire surface of the interior globe, on being swept towards the equator from each pole, is broken up into torrents by the same general cause, and by the resulting inequalities of temperature, density, and consequent resistance in the surrounding and incumbent mediums. The region of equatorial calm, or freedom from spots and faculse, is the result of the meeting and mutual opposition of the systems of currents which the Sun's rotation causes to proceed from either pole, the torrents being carried back in each hemisphere by movements of the nature of circular waves of translation seemingly affecting all the envelopes of the Sun, and setting from the plane of junction at the equator towards the tropics.
The entire assemblage of actions now under consideration appears to be closely analogous to that exhibited by a liquid boiling violently and inces santly from a heated surface below, the gaseous matter evolved at which becomes partly diffused through the liquid by adhesion or mixture, is partly disseminated through it in bubbles which collapse at various depths, and partly escapes by effervescence at its upper surface. In the actual case of * Companion to tlie Almanac for 1864, p. 51.
the Sun, torrents more or less permanent, consisting either of bubbles or of an unbroken stream of aeriform matter, are also formed by the operation of the controlling mechanical cause to which, acting in the second place, the entire system of phenomena presented by the spots is here attributed. These torrents are continuously maintained from near the surface of origin on the glowing sphere within to that of the photosphere without, whether in single or in groups of separate but probably often confluent streams, elevating the photosphere into faculse by the force of expansion with which they burst upon it, and, being transparent, permitting the interior envelopes and the incandescent nucleus to be seen through them. The system of currents necessarily produced by the heat-action in the inferior liquid mediums and photosphere, combined with those due to the sun's rotation, carry along with them the torrents and their bursting sum mits in the drifting motion observed by Mr. Carrington to affect the spots. The phenomena of the spots generally, especially as described by that astro nomer, are in entire conformity with this interpretation of them. Their control by the Sun's rotation was first perceived and announced by Sir John Herschel, in connexion, however, with his cyclonic theory of their nature.
The observed spherical form of the Sun is considered to be preserved by the perpetual escape from its equatorial regions, by means of the ebullition of the spots, of matter which in consequence of the Sun's rotation would otherwise accumulate upon them and so cause a deviation from the sphe rical form. Being thus separated, it receives'from the Sun's rotary motion at the equator the form of the Zodiacal , which it thus constitutes, while the perpetual supply of fresh matter from the solar surface causes it to be, not a ring, but a lenticular mass, geometrically though not physi cally continuous with the originating central body, which it thus enve lopes, no interval apparently being left between them. * The next objects of discussion are the " o f , Series o f Physteal Processes o f which they are the result, and their Functions in Nature."
The vapours of metallic and other elementary matter evolved or dis charged in the ebullition of the photosphere above considered, partly remain upon the Sun, constituting its atmospheres *, but are principally aggregated into masses of immense magnitude (terrestrially speaking) of the nature of bubbles, which, having undergone a certain amount of condensation, first become visible as those particles the collective brightness of which reveals to us the existence of the zodiacal light, being, in fact, the matter separated from the Sun's equator as explained above. These particles, termed by the author meteoritic m a s s e s , are projected from the zodiacal light by t to which its variable extension is owing, and are further gradually con densed during their passage through the interplanetary spaces into the liquid and solid state, constituting eventually the nuclei of Meteors, which are finally precipitated upon the Earth (and doubtless upon the other planets) in the form of Meteorites.
* Companion to the Almanac for 1864, p. 4 6 ; for 1865, p. 53.
VOL. XIV. r
The sudden outburst of light over a solar spot witnessed on September 1, 1859, by Mr. Carrington and Mr. Hodgson, the author regards as a fact confirmatory of these views, and as having been the consequence or accom paniment of the production, and the transfer with immense rapidity from within to without some exterior region of the Sun, of a meteoritic mass, or more probably of an immense congeries of such masses, enabled, by its consisting of ponderable matter, to manifest the higher temperature and consequent greater effulgence of the interior regions of the luminary, whence it was originally derived. Certain phenomena before recorded by astronomers hut not yet understood are probably of the same nature.
The structural characters of meteorites are those of bodies which have been originally condensed from heterogeneous vapours-the mingled vapours of uncombined elementary substances variable in their nature and requiring different temperatures for their maintenance in the gaseous form, hut all existing originally at a very high temperature; and their adequate investigation may afford, as an experimentu , an mation of Kirchhoff's discovery, and of the truth of the spectrum-analysis of the composition of bodies distant from us in space. They consist, mineralogically, of two groups, meteoric iron and meteoric stones, forming, however, by graduation into each other, as first pointed out by the author, many years since, one series of bodies*. The intermediate examples, and indeed most of the stones, are aggregates of earthy matter partly in the crystalline and partly (as Mr. H . C. Sorby has shownf) in the vitreous state, and distinct portions of metallic iron alloyed with other metals. They are, in fact, always heterogeneous aggregates, in conformity with the origin here assigned to them. While as a class meteorites are perfectly distinct from all terrestrial rocks-the presence of metallic iron as a mine ral constituent imparting to them indeed a character which is perfectly unique-some of their constituent minerals, and all the elementary sub stances of which they are composed are such as are found, but differently associated, in the Earth's crust, although there are many other terrestrial elements which have not yet been discovered in them.
" Ten, or perhaps more, of the elements of the solar atmosphere," o according to Kirchhoff and Angstrom, " are also those of meteorites-iron, nickel, cohalt, chromium, and magnesium being characteristically such. But the non-metallic base silicon, which, in union with oxygen as silica, is an abundant and equally characteristic element of meteorites, is absent in the Sun, according to our present knowledge, in which also other elements of meteorites, including oxygen itself, are not known to be present " J. It cannot be doubted, however, that by the further prosecution of spectrumanalysis other elements will be discovered in the Sun. It must be remem bered also that our knowledge of meteorites is confined to a few only of those which have fallen upon the Earth, and that during a very small space of time, physically speaking, not exceeding a few thousand years, or perhaps even not many centuries; while the synthesis of ponderable matter in the Sun may reasonably be supposed to vary from time to time as to the particular chemical elements produced. A remarkable and instructive fact, in the actual condition of science on this subject, is that the metal iron is now known to be an abundant and characteristic element of the Sun, of Meteorites, and of the Earth.
In harmony with these views on the origin of Meteorites is a recorded but perhaps hitherto unpublished opinion of Sir H. Davy, that they origi nally consist of the metallic and other combustible bases of the earths and alkalies of which Meteoric Stones are principally composed. But whether the oxidation of these bases is elfected in the Earth's atmosphere, as he also suggested, or whether in some cases, though not in all, oxygen is present in the original assemblage of elementary vapours, and combines with certain bases and with portions of others, as the condensation proceeds, is a diffi cult question. The latter theory may be thought to agree better with the entire series of phenomena presented by Meteors, and with the constitution of Meteorites as a peculiar class of mineral aggregates ; but some facts rela ting to either branch of the subject tend to support the former. Both may be true to a certain extent. The facts, however, that scarcely any oxidation of the iron Meteorites has taken place, and that there are no meteorites which consist principally of oxide of iron, while there are some in which metallic iron and earthy matter (oxides) are present in nearly equal proportions, but that even in these no excess of oxide of iron occurs, are opposed to the supposition that meteoi*ites have derived any conside rable part of their oxygen from the atmosphere ; with which also the exist ence of sulphide of calcium in certain meteorites is inconsistent.
In what part of Space between the Zodiacal Light and the Earth the final condensation takes place is not at present determinable. It would seem that these masses must retain much of their original heat and therefore to a great extent an aeriform or vaporous condition (though one of greater density than that in which they left the Sun or even the Zodiacal Light, and mingled with liquid or solid matter as just suggested) in the interplanetary spaces where the ether alone exists, and that their entire conversion into a liquid and finally a solid form may not occur until their arrival in a region of positive cold in the vicinity of the Earth or other planets. Mr. Sorby has lately inferred from the equable manner in which mineral ingredients greatly differing in specific gravity as well as fusibility are mingled in meteorites, that their formation must have taken place in some physical locality where the force of gravitation is small; " that they come either from the outside of a very small planet, much less than the moon, or else from the interior of a larger planet, since broken up" *. The first inference is in perfect accordance with the theory of Meteorites announced in this paper; for it is evident that the force of gravity in the original meteoritic masses must be very small, quite inadequate to interfere with the disposition within them, and among one another, of their proximate elements, however discordant in fusibility or specific gravity. It will follow, also, that the final condensation of these vaporous masses cannot take place either very near the Sun or very near the Earth.
According to observations of the author already published* * * § , the iron meteorites, if not certain single Meteoric Stones (and most probably also the entire nucleus, which in some cases is broken up and falls as a shower of Meteorites), have the form (resembling that of the Meteors themselves, which is nearly that of a flame) of the solid of least resistance, or of one derived from it, and received in fact from the resistance of a medium they have traversed, but having in general one termination, an d sometimes the other also, truncated to a variable extent. This would seem to prove that they must once have been-as individual masses, and not merely as portions of a body of which they originally formed part, nor as to their pre-existing materials only-in a fluid or mobile condition. These and other significant circumstances are adduced in the paper as tending to the discrimination of the physical changes by which meteoritic masses are affected prior to their entering the Earth's atmosphere, from those which they afterwards undergo within it and from its action,-the conclusion arrived at being that the solid Meteorite is finally left, with a slight alteration in figure, and however greatly reduced in volume, in the approximate actual form-that of a bubble elon gated by its being impelled in a certain direction through a resisting medium-in which, when in a gaseous state, it left the Sun.
The phenomena of Luminous Meteors (Shooting-Stars and Fire-balls) more or less examined by physicists from the latter part of the preceding century (the author having himself endeavoured to elucidate certain cha racteristic phenomena of Fire-Balls by applying to them the results of modern sciencef), but which, since the appearance of the persistent Meteorshower in November 1833, have been so assiduously observed and dis cussed by meteorologists, especially in relation to the periodicity they exhibit, are shown to be entirely conformable to the views of their origin which are enunciated in this paper. The petrological characters of Meteorites themselves, as recently investigated by mineralogists £, together with others before noticed by the author §, are also accounted for by 
The long-continued study of Meteorites and of the phenomena which attend their fall, affected by the consideration of the probable synthesis of ponderable matter in the Sun, and-since the conclusions of Kirchhoff have been announced-the special study of Solar Physics and Chemistry in con nexion with both subjects, appear to the author to justify him in entertain ing the hope that he may thus have succeeded-by means, partly, of a new deductive cosmical hypothesis submitted for verification, and partly by uniting, and in some cases newly interpreting, preceding inductions on particular points of their physical history-in effecting at least the ap proximate solution of the problem of the Origin and Formation of Meteorites, which has been sought by philosophers from the time of the communication to the Royal Society, now sixty-three years since, of Edward Howard's paper, demonstrating their peculiar nature and establish ing the reality of their fall*.
The succeeding section of the paper is headed " Original Formation o f the P lanets: Origin o f the Primitive Heat o f the , causes o f its Permanence and Invariability ; the Earth not a cooling body." In this it is represented that the results of modern science conspire to prove that we must look to causes now in operation as those which have produced the planets. If-as first evinced by Mr. G. Poulett. Scrope, with respect chiefly to volcanic and plutonic action, and secondly, but from a wider induction by Sir C. Lyell-they are sufficient to account for the phenomena of its surface and crust, as made known by Geology, it follows, by parity of rea soning, that they will be sufficient to account also for its original production. The only known phenomenon in which the process of the formation of the Earth as a planet is actually observed, is that of the fall of Meteorites upon it, by which its magnitude is augmented, and that by the addition of mate rials homogeneous with those of its existing elementary constitution, being chiefly those chemical elements which are present in the greatest quantity in the Earth's crust, and seem to be most essential to its constitution. The characteristic presence of iron in both has been already adverted to. Ac cording to the principle of the adequacy of Existing Causes, therefore, we must conclude that the fall of Meteorites is a continuation or a residue of the process of formation of our planet, and that the Earth was originally produced by the aggregation and coalescence of Meteorites, or of greater masses into which they had previously coalesced.
Agreeably to the law of the Conservation of Energy and to the dynamical theory of heat, the enormous original velocity of the Meteorites being dimi nished by their collision and coalescence, great part of the mechanical force of their motion would be reconverted into heat, and become eventually the " primitive" internal heat of the Earth, for which it would appear that what may be reasonably characterized as a vera causa is thus supplied.
It is next shown in the paper in what manner a nucleus of hypogenc rocks or plutonic granite supplying the materials for the subsequent depo sition of sedimentary strata, and also the chemical elements of organic beings, would be one of the final results of the Earth's formation by the coalescence of meteoritic masses. The chemical action of its primitive and central heat, governed by the solar radiation upon the exterior of the new planet, would initiate the cycle of correlate activities by which its perma nence would be secured. In addition to thus assigning a natural and adequate cause for the secular invariability of the Earth's internal heat, sometimes assumed as an axiom in geological speculations without being accounted for, these suggestions may evince that, on the other hand, it is unnecessary to regard tbe Earth as a cooling body.
Admitting the Earth to have been formed as here suggested, such also must have been the process of formation of the other Planets.
A " Discrimination o f these views in Cosmical Philosophy from those o f Mayer and his School " is here interposed. The induction by which the original formation of the Earth and other Planets is arrived at in this paper is new ; but from that point these views have a certain parallelism with those founded on the " Celestial Dynamics " first enunciated by Mayer, for a knowledge of which English scientific literature is chiefly indebted to the zeal of Professor Tyndall. Of the Mayerian Theory that presented in these " Inferences and Suggestions" is virtually in nearly every stage the inversion, though not suggested by nor produced by inverting it, having been founded on different data and arrived at by independent reasoning. According to the physicists of the Mayerian school, the activities of nature begin with the mutual attraction of " Cosmical Masses " of which Meteorites are taken as examples*. In the theory now offered they commence with Force and Heat and Light and Matter locally origi nating in the Sun.
The " Theory o f the Minor Planets " is next briefly considered. All the phenomena they present are regarded as supporting the conclusion that their peculiar relations and community of character are not, as hitherto supposed, effects of their having formerly constituted one heavenly body which has been reduced to fragments, but of their being bodies intrin sically of the same nature, meteoritic masses in fact, in an advanced in termediate state between the condition of meteorites and that of true planets, in process of gradual convergence towards each other, prepara tory to their coalescence into one greater planet.
The last section relates to the " Projectile Power o f the Sun," accounted for in the section on the Spots, and by which meteoritic masses are conceived to be transferred with great velocity to the interplanetary spaces.
Everything here ascribed to the Sun is of course intended to apply in a general manner to the Stars also, so far as our knowledge of them extends ; agreeably to the primary cosmical truth that they are Suns, " which must * Companion to the Almanac for 1865, pp. 41-70.
be characterized, each in its own System, by the Uniqueness and Peculia rity which characterize our Sun in its System " *. No suggestion is offered in this paper as to the remote origin of the solar elements, or that of the force by which they are conceived to be condensed into ponderable matter.
1865.]
On Zoological Names and Homological Interpretations. In a paper " On the Commissures of the Cerebral Hemispheres of the Marsupialia," &c., of which an ' Abstract ' appears in the last published Part of the Proceedings of the Royal Society (No. 72), the author quotes the definitions of those structures given as zoological characters by me in a brief summary of the primary divisions of the class Mammalia, commu nicated to the Linnean Society in 1857.
The remarks on the signification and homology of those structures in my anatomical publications are not given, I am consequently misrepresented. Errors are imputed to me which the author deems it important to rectify before the Royal Society; and as the Proceedings of the Society will carry this imputation far and wide through the world of science, I venture to hope that the present defence will not be deemed uncalled for, but may be permitted to have place in the Serial which has diffused the attack.
In this I am moved, less on personal grounds, than in the interest of science and of scientific ethics ; for of late a practice has arisen of repre senting a zoological definition of a part which an anatomist may have given in a classificatory work, as the exponent of his homological knowledge and descriptions of such part, in its various modifications and grades of deve lopment. Cuvier, for example, in his characters of the order Bimana, affirms that Man is the only animal possessing ' hands5 and ' feet5 :-" L'homme est le seul animal vraiment bimane et " j \ The Quadrumana are differentiated as having ' hands ' instead of ' feet,' a 'hand' being defined as having the thumb opposable :-" Le pouce fibre et opposable aux autres doigts, qui sont longs et flexibles" J.
The aim of the author in the zoological work above cited was to impart obvious and easily apprehended differential characters of the organ which observation had shown to define the groups.
The naturalist, thus enabled to place his subject in its proper class or order, is not concerned, as such, in knowing the homological or transcen dental relations of the part or character which has afforded him the means of effecting what he wished to do.
